ABSTRACT Objective: To determine the treatment effects of the Xbow appliance on the upper airway dimensions and volume using cone-beam computed tomography (CBCT); to evaluate the cephalometric changes in the skeletal and dental structures of the skeletal Class II patients. Materials and Methods: The sample consisted of 25 Class II patients (11 male, 14 female) with a mean age of 11.1 6 1.1 years. CBCT images were obtained at the beginning of the treatment (T0) and after the debonding of the Xbow (T1). Results: Changes in superior, middle, and inferior parts of the oropharynx in the retroglossal region and changes in the oropharyngeal airway volume were statistically significant (P , .05, P , .01). The differences favoring the Xbow for the changes in the direction of Class II correction included SNA, SNB, ANB, maxillary depth angles, and point A-NPg and Co-B distances. Data of the dental parameters showed palatal tipping and extrusion of the maxillary incisors, labial tipping of the mandibular incisors, and mesial movement and extrusion of the mandibular molars. Conclusions: Treatment with the Xbow appliance in Class II patients resulted in favorable increase in the oropharyngeal airway dimensions and volume. Further studies with larger study samples and with control groups are needed. (Angle Orthod. 2014;84:693-700.) 
INTRODUCTION
Class II malocclusion is a common orthodontic problem that can be treated by different approaches and appliances according to the existing anteroposterior discrepancy and the age and cooperation of the patient. 1, 2 When the malocclusion is caused by mandibular retrusion, functional appliances are used for the stimulation of the mandibular growth and control of the direction of maxillary and mandibular alveolar development. 3 Among the available Class II correctors, fixed options have been gaining popularity. To date, many authors [4] [5] [6] [7] [8] [9] [10] [11] [12] have evaluated the effects of different types of fixed functional appliances and reported that Class II malocclusion was corrected by a combination of skeletal and dental modifications.
Recently, the Crossbow (Xbow) appliance has been introduced for the treatment of patients with Class II malocclusions. 13 In clinical practice, the treatment stages for Xbow 13 application are: (1) maxillary expansion in cases of relative maxillary construction; (2) segmental leveling of upper incisors, if required; (3) activation of Forsus 4 fatigue resistant device springs; (4) overcorrection until the half-cusp Class III relation of upper premolar and molars; and (5) removal of the springs and a retention phase to allow some musculoskeletal and dental relapse.
Various researchers have emphasized the relationship between pharyngeal, dentofacial, and craniofacial structures [14] [15] [16] and compared the airway dimensions of patients with different malocclusions and those with normal respiratory functions. [17] [18] [19] [20] There are a few studies [21] [22] [23] [24] [25] reporting the effects of Class II functional appliances on the upper airway with conventional radiographic methods. The introduction of cone-beam computed tomography (CBCT) has enabled threedimensional examination of the airway, with the further benefit of low radiation dose. 26 The aims of this prospective study were to evaluate the changes on the upper airway dimension and volume in patients with Class II maloclussion treated a Research Assistant, Department of Orthodontics, Faculty of Dentistry, Hacettepe University, Ankara, Turkey.
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MATERIALS AND METHODS
The sample consisted of 25 subjects (14 female, 11 male) referred to the Department of Orthodontics. The average age at the beginning of the treatment was 11.1 6 1.1 years (range 9.1-12.5 years). A summary of the treatment sample characteristics is given in Table 1 . All patients and parents were informed about the orthodontic treatment and signed an informed consent. The institutional ethical review board approved the protocol used (registration LUT 12/10). Because of ethical reasons, a control group of untreated individuals with the same age could not be used.
The inclusion criteria included (1) skeletal Class II malocclusion with mandibular retrusion, (2) late mixed or permanent dentition period, (3) prepeak or peak pubertal growth stage, and (4) overjet of 5 mm or more. Exclusion criteria included (1) congenital craniofacial deformities and (2) history of obstructive sleep apnea and snoring. Intraoral and extraoral photographs, dental models, and CBCT images were all obtained from the subjects at the beginning of the treatment (T0) and after debonding of the Xbow (T1).
The treatment protocol begins with maxillary expansion for constricted arches or in cases of relative maxillary construction. After maxillary expansion, the lower arch and locks were positioned and Forsus springs were inserted bilaterally. The springs were activated every 6 weeks until the maxillary first premolars and molars were in an overcorrected halfcusp Class III relationship. Then, the springs were removed, and the Xbow framework was left in place for 1 to 2 months to monitor the physiologic adaptation.
All CBCT images were taken with Iluma Cone Beam CT scanner (3M IMTEC, Ardmore, Okla) in natural head and maximum intercuspal position at 3.8 mA, 120 kV, and 19 3 24 field-of-view setting. Because of the lack of reproducibility of the tongue position, the patients were asked not to swallow during the scanning time. The images were viewed with the Quick Ceph Studio program (Quick Ceph System, San Diego, Calif), and lateral cephalometric and panoramic radiographs were obtained. All of the cephalometric radiographs were traced digitally with the Quick Ceph Studio program. Nine angular and 17 linear skeletal and dental variables were measured (Figure 1 ). For the upper airway analysis, seven linear measurements were measured cephalometrically (Figure 2) .
The ITK-SNAP 2.2.0 program (www.itksnap.org) was used to render the oropharynx. The defined region was the part of the pharynx that is between the palatal plane (ANS-PNS) extending to the posterior wall of the pharynx and the plane parallel to the palatal plane that passes from the most anteroinferior point of the second cervical vertebrae. 27, 28 After the segmentation process, the threshold value was set to between 2587 and 21000 HU (Hounsfield unit) to obtain only the desired region's image, and the program measured the final oropharyngeal volume. In addition to this volumetric measurement, the vertical length of the oropharynx and the anteroposterior and lateral dimensions of the retroglossal area were measured on the midsagittal and axial slices, respectively ( Figures 3 and 4) .
SPSS (SPSS Inc, Chicago, IL, USA) software (for Windows 11.5) was used for all statistical analysis. To test whether the distribution of continuous variables came close to normal was investigated by the ShapiroWilk test. Descriptive statistics were displayed as mean 6 standard deviation or median for continuous variables and as number of cases and percentages for nominal variables. The reproducibility of pretreatment and posttreatment measurements was evaluated by calculation of the intraclass correlation coefficient and 95% confidence intervals. The significance of the difference of mean values after treatment was investigated by dependent t-test. The changes in median values were determined by Wilcoxon signed rank test. To check the correlations between mandibular cephalometric variables and upper airway measurements, the Spearman correlation was performed. The statistical significance was set at .05.
RESULTS
The results of the upper airway analysis and the significance of the changes are presented in Table 2 . The superior pharyngeal space (SPS), middle pharyngeal space (MPS) and inferior pharyngeal space (IPS) were increased by 0.87 mm, 1.3 mm, and 1.4 mm, respectively (P , .05). The results of the measurements performed on the CBCT data indicated that all parameters increased significantly except the vertical length of oropharynx (P , .05). The anteroposterior and lateral dimensions of the retroglossal region on the axial slice were increased by 1.9 mm (P , .05) and 1.5 mm (P , .001), respectively. There was a , P , .001). The cephalometric measurements for the dentoskeletal changes before and after application of the Xbow and the significance of these changes are shown in Table 3 . The skeletal effect on maxilla was diminution of SNA and maxillary depth angles (P , .05) and point A-NPg distance (P , .001). The mandible was positioned anteriorly with a consequent decrease in ANB angle (P , .001). The increases in Co-B and ArGo were found to be statistically significant (P , .05). The GoGnSN, FMA, and ANS-Xi-Pm angles remained unchanged during the treatment (P . .05).
The dental parameter data showed palatal tipping and extrusion of the maxillary incisors, labial tipping of the mandibular incisors, and mesial movement and extrusion of the mandibular molars. Significant distal tipping and intrusion of the maxillary molars were not observed (P . .05); however, mesial movement of the maxillary molars was inhibited.
Spearman correlation coefficients between the cephalometric parameters of the oropharyngeal airway and the cephalometric variables of the mandible are presented in Table 4 . Co-Gn, Co-B, and Co-Pg showed a positive correlation with IPS (P , .05). The lateral length of the retroglossal area showed a positive correlation with Co-B (P , .05). The oropharyngeal airway volume showed a positive correlation with CoGn, Co-B, and Co-Pg (P , .05).
DISCUSSION
There are a few studies [21] [22] [23] [24] [25] reporting the effects of functional appliances used in the treatment of Class II malocclusions on the upper airway; however, these studies evaluated the airway dimensions by using conventional radiographic methods. Conventional radiographic methods are two-dimensional reflections of three-dimensional structures, and overlapping of anatomic structures can be misleading. For this reason, in recent years computed tomography (CT) imaging is often used to evaluate craniofacial structures and to obtain information about the anatomy of the airway. This study was undertaken to evaluate the effects of the Xbow appliance treatment on the upper airway dimensions with the use of CBCT and to determine the skeletal and dental changes after treatment. According to the results of this study, the Xbow application restricted the maxillary forward growth and directed it posteriorly. Higgins 13 and Flores-Mir et al. 29 defined the effects of the Xbow on the maxilla as the headgear effect. This effect was also noted in other nonprotrusive interarch Class II correctors. [5] [6] [7] [8] [9] [10] The finding of this study pertaining to the SNB angle was comparable with the values in the studies by Karacay et al., 6 Weiland and Bantleon, 11 Heinig and Gö z, 4 and Stucki and Ingervall. 30 On the other hand, Flores-Mir et al., 29 Cope et al., 7 and Covell et al. 9 did not find significant changes in the position of the mandible. This contradiction might be due to differences in the pubertal development stages of the patients included.
No significant increase in the mandibular length was observed in our sample, except for Co-B and Ar-Go measurements. This finding is in agreement with the studies of the Jasper Jumper. 7, 9, 10 On the other hand, the studies of Karacay et al., 6 Weiland and Bantleon, 11 and Aras et al. 12 showed significant increases in the mandibular length. This contradiction could be due to the differences between the inclusion criteria, reference points used to measure the mandibular growth, age of patients, and total duration of the treatment. Although limited for the lower jaw, skeletal changes with the use of the Xbow were observed in the maxilla and the mandible; therefore, the ANB angle decreased significantly. This finding is compatible with those of previous Xbow studies. 29, 31 The dentoalveolar changes obtained in this study were nearly the same as those of previous studies with fixed functional appliances. 4, 6, 10, 12, 29, 31 The findings that are controversial with respect to previous studies were the distal tipping and extrusion of the upper molars and intrusion of the lower incisors. In accordance with our findings, Aras et al. 12 and Franchi et al. 5 stated that the distal movement and intrusion of the upper molars were not statistically significant. The differences may be due to differences between the reference planes used to determine the amount of distalization and the eruption stages of the upper second molars.
Previous studies with the fixed functional appliances have reported that the GoGnSN angle was maintained stable. 4, 6, [9] [10] [11] [12] 30 Likewise, our results showed that the angles that determine the vertical skeletal development remained almost unchanged.
In this study, we analyzed the effects of the Xbow application on the upper airway dimensions by using the cephalometric points and lines that were used in many other recent studies. 17, 32 The cephalometric results of this study showed a significant increase in superior, middle, and inferior parts of the oropharyngeal airway. However, the nasopharyngeal airway size and thickness of adenoids were not affected by the Xbow treatment. Previous studies reported that patients with a skeletal Class II malocclusion tended to have a smaller airway width than subjects with a normal anteroposterior skeletal relationship. 18, 20, 28 Therefore, it can be concluded that the anterior position of the retrognathic mandible might affect the airway size positively. Ozbek et al. 21 reported significant increase in the pharyngeal airway size with activator treatment in skeletal Class II cases. Hanggi et al. 22 compared the effects of activator and headgear treatments on the upper airway dimensions with a control sample and found the increases in pharyngeal area, pharyngeal length, and minimum area between tongue and posterior pharyngeal wall to be statistically significant. Godt et al. 23 and Yassaei et al. 24 noted significant increases in oropharyngeal width and area with functional appliance treatment in Class II cases. Page 25 stated that functional jaw orthopedics could be a useful treatment alternative for patients who have narrow airway sizes. The changes in airway dimension with the mandibular advancement were related to the anterior reposition of the soft palate. Also, expansion of the transverse airway width with the mandibular advancement was related to the anterior movement of hyoid bone. 27, 33 The anteroposterior and lateral lengths of the retroglossal area were increased by 1.9 mm and 1.5 mm, respectively. Haskell et al. 33 used CBCT to evaluate the changes in upper airway size and volume after mandibular advancement with acrylic splint Herbst appliance. They reported an average increase of 2800 mm 3 after treatment. In accordance with their results, we found a 1744 mm 3 increase in oropharyngeal airway volume. Significant correlations were observed between oropharyngeal and mandibular measurements. These positive correlations showed that changes in mandibular length may affect the oropharyngeal region.
As a result of the anterior repositioning of the mandible with the Xbow appliance, an increase in the oropharyngeal airway volume was observed. Therefore, it is thought that the application of the Xbow appliance in patients with Class II malocclusion due to mandibular retrusion may have a positive contribution to prevent developing sleep and breathing disorders. However, to determine the positive effect on the upper airway, further studies with larger study samples, other age groups, or other appliances are needed.
CONCLUSIONS
N Treatment with the Xbow appliance in Class II patients resulted in favorable dental and skeletal changes in the direction of a Class II correction. N In cephalometric and three-dimensional evaluation of the upper airway, increase in the oropharyngeal airway dimensions and volume was observed. There were no changes in the nasopharyngeal region and adenoid tissues. 
